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SUMMARY 
The pricing mechanism often fails to allocate resources efficiently in 
production because price differentials for different grades of products at 
the consumer level are not accurately transmitted back to the producer. 
Price differentials for different grades of meat cannot be maintained 
through the complex marketing system unless uniform grade standards 
are in general use. 
Although official beef carcass grade standards haYe been specified by 
the United States Department of Agriculture, they have not been ac-
cepted by all concerned. Many reasons have been given for the failure 
of these grades to be accepted and used universally. 
One major reason for their failure to be adopted is that they are 
subjective. There is no clear-cut set of objective specifications which 
divides the carcasses into homogeneous groups. 
The purpose of this study is to investigate the possibility that the 
subjective terms which are now used could be described accurately by 
objective measurements of the carcasses. 
The relationships between various measurements and grades were 
studied. The thickness of fat over the longissimus dorsi (eye) muscle 
was found to be most closely related to grade, with carcass length and 
carcass weight following in that order. 
A regression equation using carcass weight, carcass length and thick-
ness of fat on the eye muscle was found to be highly correlated with 
grade (R = .&8). These variables were used to develop tentative ob. 
jective grade specifications for slaughter steer carcasses. 
By the use of the proposed grade standard, about 90 percent of the car-
casses in the sample were placed in the same United States official car-
cass grade for beef that they were placed in by the government graders. 
Duplication of the study is necessary before these relationships can 
be verified. Even if these relationships are valid for all cattle, 
factors other than weight, length and eye fat thickness (for instance, 
color, marbling, area of eye muscle, etc.) must be considered before the 
final grading of the carcass can be made. 
This study gives some indication of the possibility of developing ob-
jective carcass grade specifications for slaughter cattle. Additional re-
search in this area might prove to be very profitable. 
The adoption and use of objective carcass grade specifications should ' 
make marketing of livestocl, more efficient by permitting sale by de-
scription, and by increasing the meaningfulness of the grades. . This 
should eliminate part of the resources employed in the present market-
ing system. This decrease in the cost of marketing livestock should 
benefit the producer and consumer, as they would share this gain in 
efficiency. 
Some Improvements in the marketing of livestock that would arise 
from the development and use of objective grade standards include: 
(1) more intelligible market news information, (2) a more accurate 
determination of the value of individual animals, and (3) a change in 
production toward those types and classes of livestock preferred by the 
consumer. 
The adoption of these standards would also have many far-reaching 
effects. An iI1ustration of one of these might be the development of a 
new score card for livestock judges to use in placing the animals in 
show rings. If objective measures could be formulated in an equation 
which would accurately determine grades, it shOUld be possible to find 
the relative importance of each variable. The pOints on the score card 
would be based on these relative values. 
Objective Grade Specifications for 
Slaughter Steer Carcassesl 
. By E: S. CLIFTON AND GEOFFREY SHEPHERD 
The aim and end of production is consumption. This consumption 
may take many forms, depending upon the ethical and esthetic values 
of the individual as well as economic considerations. In the past, much 
research time and effort have been expended in attempts to solve the 
problems of production, with comparatively little being given to the de-
sires of society in directing this production. 
It has been explicitly or implicitly assumed by most researchers that 
price is the automatic mechanism which directs production so that the 
satisfaction of the consumer is maximized. The assumption that the 
pricing mechanism accomplishes this purpose is often erroneous. This 
is especially true of agricultural products. 
A considerable range of prices is paid for beef cattle within· weight 
classes. These prices are formulated on the basis of the buyer's esti-
mate of yield and grade. The buyer cannot estimate either of these 
variables without some error. In a previous study,' a buyer had a 
standard error of estimate (8) of 1.85 percent" when estimating yield 
and .384 of a grade when estimating grade. Since only one buyer was 
used in this study, there is no assurance that he was representative of 
all buyers. 
Buying livestock on this basis leads to some errors in the prices 
paid to the producers. The magnitude of these errors is unknown. 
However, inasmuch as errors exist, the pricing mechanism fails to ac-
curately reflect consumer preferences to the producer. 
THE PROBLEJ\I 
The necessary conditions for a price to perform its function as an 
accurate director of production are: (1) The consumer must know 
which product he prefers, (2) he must have a chance to show these 
preferences, (3) there must be some way for these preferences to keep 
their identity through the trade channels, (4) the retailer, wholesaler, 
processor, etc., who handle the product must carry the price back to 
the producer in terms of price differentials for the preferred grade of 
product. 
A major problem is the development of adequate grade standards 
which will accurately describe the product at all times as it moves 
through the trade channels from the producer to the consumer, so that 
1 Project 984 of the Iowa Agricultural Experiment Station. This study is 
a part of a regional project of the North Central Livestock :lfarketing Re-
search Committee. 
The data used in this study we.·e obtained from the Chicago plant of 
Wilson and Company, Inc., in September 1950. The authors are also in-
debted to O. G. Hankins, Bureau of Animal Industry. USDA. for procedures 
and measurements to use in the study, and Fred J. Beard, Production and 
Marketing Administration, USDA. for furnishing government graders to 
grade the carcaSses. Wallace 'Vrlght, Economics and Sociology Depart-
ment; Edwin Kline, Jo;oeph Kastelic and C. C. Culbertson. Animal Hus-
bandry Department, gave helpful suggestions and criticisms pertaining 
to this study. 
2 Dowell. Austin A. and Others. :\Jarketing slaughter cattle by carcass 
weight and grade. Minn. Agr. Exp. Sta. Tech. Bu!. 181. 1949. pp. 11-25 . 
• s is an estimate of the population parameter 0'. A thEorem of large 
sample theory is: In a normally distributed population with mean (:\1), 
68.27 percent of the observations lie within the llitcn>al, :\1 ± 0'. 
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those handling the product will have a definite basis upon which the 
price differentials can be maintained. This study is a step in that 
direction. , 
The purpose of this investigation is to develop objective grade speCi-
fications for slaughter steer carcasses which will tend to eliminate sub-jective evaluation of the carcasses. 
IMPORTANCE OF THE PROBLEM 
Selling livestock is the most important marketing activity carried 
on by farmers in the United States. The cash income obtained from 
meat animals accounted for over 32 percent of the total cash farm in-
come from all crops, livestock, dairy, poultry products and government 
payments in 1950.' On Jan. I, 1953, there were approximately 94 
million cattle and calves in the United States. Of this number, about 
6.1 million were in Iowa, 3.8 million in Illinois, and 3.8 million in 
Minnesota." The consumer spends about 24 percent of his food dollar 
for meat and meat products. 
These figures indicate the importance of beef production and con-
sumption in the United States and the Corn Belt region. The develop-
ment and adoption of accurate objective carcass grade specifications for 
slaughter cattle would affect a great proportion of the individuals in the 
economy. 
This improvement in the marketing system would benefit the pro-
dUcer, processor, distributor and consumer. The producer would be 
benefited by: (1) more equitable returns for his livestock, (2) more 
efficient allocation of resources in production, (3) a more precise basis 
for market news, and (4) a more accurate basis for selling his livestock 
by description. 
The processor and distributor would benefit by having a standardized 
product that could be handled purely on a description basis. This might 
allow them to eliminate some of the services performed by salesmen 
and others." 
The consumer would benefit because the production of livestock would 
move toward those types and classes of livestock that the consumer 
prefers. It is expected that the consumer would eventually be able to 
purchase beef for less money. 
SCOPE AND SPECIFIC OBJECTIVES OF THIS STUDY 
This investigation is concerned with the shortcomings of the present 
grade standards for slaughter steer carcasses and the possibility of de-
veloping alternative grade standards which may more nearly approach 
an optimum grade standard. The specific objectives of this study are 
as follows: 
1. To trace the development of grade standards for slaughter steers 
and outline their present form. 
2. To outline the differences between the present grades and an 
optimum grade standard. 
3. To Investigate some alternative grade standards for slaughter 
steers which may more closely approach an optimum grade 
standard. 
4. To set out further hypotheses which need empirical verification . 
• u. S. Dept. Agr., B.A.E. Livestock and poultry on farms and ranches. 
Jan. 1. p. 21. 
5 Agricultural Statistics. 1951, USDA. p. 324 . 
• This Is not to Indicate that the processors and distributors would adopt 
objective grade standards. A discussion of the reasons why they might 
hesitate to accept these standards is found on page 565. 
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DEVELOPMENT OF CARCASS GRADE STANDARDS 
- -FOR SLAUGHTER CATTLE 
Methods of marketing slaughter cattl~ have undergone many changes 
during the history of the United States. From colonial days through 
the early part of the nineteenth century, cattle were commonly driven 
to market. Little attention was given to classifying and grading animals 
or carcasses. Cattle were classified as "working oxen," fat steers," or in 
similar general terms. Slaughter cattle were usually sold by the head 
with I1ttle sorting. Wholesale beef was also described in general terms, 
such as "beef," "common beef" or "prime beef.'" 
QUoted prices were of little or no practical value as long as term!; 
nology differed among purchasers and sellers. Since the volume of live-
stock being sold was increasing very rapidly, there was a growing demand 
for more effective classifications and grade standards for both cattle and 
beef. 
The first major attempt to formulate standard market classes and 
grades of livestock that might be used at all markets was made by the 
Illinois Agricultural Experiment Station during the first part of the 
twentieth century. A series of bulletins dealing with market classes and 
grades of the different species of livestock was issued from 1901 to 1908. 
These bulletins focused attention on the general lack of uniformity in the 
use and meaning of the market terms that were being used. and empha-
sized the importance of standard classes and grades to producers. market 
agencies and packers. 
The United States Department of Agriculture started work on the 
problenl of developing grade standards for livestock and meats about 1915. 
Market news was initiated about this time also.· The development of 
grade standards was necessary if the market news information was to be . 
useful. 
DEVELOPMENT OF STANDARDS FOR CARCASS BEEF" 
The tentative U. S. Standards for the Grades of Dressed Beef 
were formulated in 1916. They provided the basis for uniformly 
reporting the dressed beef markets according to grades. which 
work was inaugurated as a national service early in 1917. The 
grade specifications were improved from time to time as experi-
ence gained through their use indicated what changes were neces-
sary. They were published first in mimeographed form in June 
192:1. After slight changes they were included' in Department 
Bulletin No. 1246 "Market Classes and Grades of Dressed Beef" 
which was published in August 1924. 
. . ... ... . 
The revised grade descriptions were promulgated by the Secre· 
tary of Agriculture, June 3, 1926, as the Official United States 
Standards for the Grades of Carcass Beef and published in Serv-
ice and Regulatory Announcements No. 99 (B.A.E.). 
These standards provided the basis for grading when the 
voluntary beef grading and stamping service was begun In May 
1927. 
The official standards were amended In July 1939 (Amendment 
No.1 to S.R.A. No. 99) so as to provide a single standard for the 
'Dowell, Austin A. and Bjorka, }{nutc. Live"tock marketing. :\lcGraw-
HUI Book Co., Inc., New York. 1941. p. 314. 
• Ihid. 
• Unlted States Department of Agl"iculture. . ProdUction and :\Iarketing 
Administration. Official United States Standards for Grades of Carcass 
Beef. 195Q. (Processed) pp. 1 and 2. 
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grading and labeling of steer, heifer, and cow beef according to 
similar inherent quality characteristics. The amendment also 
changed certain grade terms for steer, heifer and cow beef from. 
"Medium", "Common", and "Low Cutter" to "Commercial", "Utili-
ty", and "Canner", respectively. A second amendmen.t (Amend-
ment No. 2 to S.R.A. No. 99) issued in November 1941 made 
similar changes in the grade terms for bull and stag beef and. es-
tablished the following grade terminology for all beef: Prime. 
Choice, Good, Commercial, Utility, Cutter, and Canner. A third 
amendment (Amendment NO.3 to S.R.A. No. 99) in October 1949 
eliminated all references to color of fat. 
In December 1950, the official standards for grades of steer. 
heifer, and cow beef were amended (Amendment No.4 to S.R.A. 
No. 99) by combining the Prime and Choice grades and desig. 
nating them as Prime; renaming the Good grade as Choice and 
dividing the Commercial grade into two grades by designating 
the beef produced from young animals included in the top half 
of the grade as Good, while retaining the Commercial grade 
designation for the remainder of the beef in that grade. Other 
revisions in the standards for the Prime, Choice, Good and Com-
mercial grades were made to clarify them and to facilitate their 
interpretation. Standards for the Utility, Cutter, and Canner 
grades were not affected. These changes in the standards were 
a modification of a proposal by the Department to revise the 
standards in August 1949, and were adopted after careful con· 
sideration of comments received in writing over a period of months 
and those presented orally at a public hearing at Chicago on 
June 28, 1950. 
Since it is necessary that a grade standard for dressed beef should 
relate directly to the grade of the live animal, grade standards for the 
live animals were developed in conjuRction with these grade standards 
for carcasses. 
These grade standards along with weight classifications are used as 
the oasis of the market news reports of the United States Department 
of Agriculture market reporting service even though they are defined 
in subjective terms rather than objective measurements. Their use in 
buying and selling is optional rather than compulsory. 
DESIRABILITY OF OBJECTIVE CARCASS GRADE 
SPECIFICATIONS 
It is the purpose of this section (1) to define an optimum grade 
standard, (2) to show the divergence between the ideal grade standard 
and the present grade standard, (3) to set out the economic basiS for 
developing and adapting grade standards, and (4) to indicate the eco· 
nomic benefits and advantages that would be derived from the formu-
lation, adoption and general use of objective carcass grade specifications 
for slaughter cattle. 
OPTIMUM GRADE STANDARD 
An optimum or perfect grade standard would separate the products 
into homogeneous groups such that each particular object in each grade 
would be worth exactly the same amount per unit of measurement 
(pound, head, etc.). 
There are many important criteria that need to be met before a 
grade standard could be considered an optimum grade standard. The 
most important characteristic is that it have economic significance. 
The terminology used should convey some concept to the individual of 
the relative value of the grades. In other words, a grade labeled ChOice 
should have more desirable characteristics for consumption than a grade 
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labeled Good.'o It should be remembered, however, that price is,: de-
termined by supply and demand which freqnently change seasonally and 
in other ways over periods of time. Thus, it is not necess'ary that a 
positive price differential always exist in favor of the grade that is 
labeled as the better one.ll 
A very important characteristic is that the grades be designated in 
snch a way that any two individuals who grade a particular group of 
objects would always place common attributes in the same classification. 
A third important characteristic is simplicity. A grade standard 
must be easily understood by all concerned; otherwise, it loses its ef-
fectiveness. In addition, the grade standards should be fixed and stablc 
over time and space. This means that the grade standards should be 
recognized and used by the trade in all markets at all times. However, 
grade standards need not be permanent. Changes should be made in 
specifications from time to time to keep the grades in agreement with 
changing consumer preferences and technological conditions.'" 
All individuals concerned (producer, processor, consumer. etc.) should 
be able to interpret the characteristics of a particular grade and to dis-
tinguish that grade from other grades.'" Simplicity would also indicate 
that a grader could quickly and easily perform the function of grading 
without being forced to use complex and difficult grading methods. 
A fourth desirable trait of a grade standard is that it should be 
practical. It should conform as closely as possible to the eXisting trade 
practices and still be consistent with the objectives sought. A new 
grade standard, if pOSSible, should not deviate radically from the cur-
rent grade standards for similar products. The number of grades and 
the relative difference between the speCifications of two consecutive 
grades should be reasonable for practical use in the market. 
The above-mentioned criteria are the optimuIll or ideal characteristics 
of a grade standard. They will never be completely attainable in prac-
tice. 
OBJECTIONS TO THE PRESENT GRADE STANDARDS 
The United States Department of AgricultUre and the livestock in-
dustry have constantly struggled to develop adequate and acceptable grade 
standards for slaughter livestock. That they have met with much success 
is evidenced by the rapid advancement from a complete absence of grade 
standards in 1916 to those in use in 1951. However, the prEsent sub· 
jective grade standards are not always as useful as objective grade 
standards might be. 
The following reasons indicate why the present grade standards have 
not been universally accepted. 
First, the grades are subjective rather than objective. The terms such 
as thick, plump, compact, round, very thick. etc., do not convey the same 
meaning to all individuals, even experienced graders. 
The use of subjective terminology leads to many problems: (1) There 
is the possibility of human error in grading. There is no assurance that 
any two graders will place the same carcass in the same grade at all 
times. There is a possibility that the grades will vary with periods of 
time and between geographical areas. This mar lead to the purchaser or 
the seller feeling that he is being discriminated against. It would be 
difficult to convince the seller and buyer that the grading is completely 
10 Shepherd, Geoffrey S. :\lal'keting fa I'm products. Second ed. Iowa State 
College Pre"", Ames, Iowa. 1947. p. 180. 
11 Brough, Owen L. Economics of marketing slaughtf·1' hogs lJy cal'cas~ 
Weight and grade. Unllubli>'hed Ph.D. thesis. Iowa state College Lihrary. 
Ames, Iowa. 1950. 1'. 84. 
12 Thomsen, Frederick L. Agricultural marketin!;. :\lcGraw-HilI Bool; COIII-
[lany, Inc., New York. 1951. p. 267. 
'" Brough. op. cit., p. 84. 
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impartial even though government graders do the grading. (2) It is diffi-
cult to trade by description when the terms used do not convey the same 
meaning to all concerned in the negotiations. (3) The subjective termi-
nology makes the grades difficult to understand. Thus, the job of edu-
cating the consumer and the producer is a large one. (4) The grade 
specifications being subjective, it is difficult to maintain price differentials 
throughout the trade channels. To the extent that the grading is im-
perfect or variable, the producer does not have the proper price incentive 
to produce those types and kinds of products that the consumer prefers. 
Second, each grade is described as the average for that grade. It is 
difficult to determine what characteristics or combination of characteris-
tics designatES the dividing points between grades. It is understood that 
those characteristics which designate grade (conformation, quality and 
finish) are ccntinuous variates, and that the dividing point between grades 
is some arbitrary pOint. However, it is essential that those using the 
grades use the same dividing point between grades. The present grade 
standards for beef carcasses do not clearly define exactly what combi-
nation of those factors designates the dividing lines between the grades. 
Third, the names given the different grades are such that the consumer 
must memorize their position. The words Prime, Choice, Good, Com-
mercial, etc., do not necessarily convey to the. consumer the idea that a 
Good beef carcass is better than a Commercial beef carcass. In fact, it 
may not be better for all purposes. The grades are not so designated that 
any consumer who is not familiar with the grade terminology can look at 
the titles of the grades and understand which is the better grade. 
Fourth, the characteristics are not homogeneous within grades. Be-
fore the grade changes in 1951, Shaw stated:" 
In the commercial grade we have steers, heifers, and cows. This 
neterogeneous class has (1) fed cattle, (2)· grass cattle, (3) two-
way cattle, (4) unfinished cattle and (5) cows. Within this grade 
there is a wide price range. At the wholesale level, it has been as 
high as 15 cents per pound. 
What retailer would want to standardize on a grade that is 
not homogeneous? The retailer's customers want the commercial 
grade steer and heifer beef that is in the upper part of the grade, 
next to good. They would pay a price within 2-3 cents of the price 
of good grade beef. Someone else could purchase beef at the bottom 
of the commercial grade for 10-12 cents less per pound. They 
would advertise then that they sold the same grade product. In 
contrast, there is only about 1 cent differential between the top and 
bottom of the other grades. Those are the reasons why the re-
tailers are not in favor of the commercial grade as it now stands. 
I 
The failure of the present grade standards for slaughter cattle car-
casses to meet the ideal grade standard requirements indicates that there 
is room for much improvement. The most important problem is what 
could be done to make the present grades more closely approach the 
optimum or ideal grades. 
ECONOMIC BASIS FOR GRADE STANDARDS 
If there is little or no standardization of the products, the prlcmg 
mechanism becomes inaccurate, and consumer preferences, expressed in 
different prices for different qualities, are not reflected accurately to the 
producer. 
This inaccuracy in the pricing system can be illustrated. Consider a 
commodity which is not usually graded and is purchased on an average 
price basis (eggs sold at current receipt prices are an example of such a 
U Shaw, Seth T .. Economics of retailing meat. Paper presented at Live-
stock and ::\feat Marketing Conference, Iowa State College, Ames, Iowa. 
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QUANTITY OF LOW-QUALITY PRODUCT 
Fig. 1. Substitution rates between hlgh- and low-quality product. 
commodity). The price paid to farmers for high-quality and low-quality 
products is the same and is shown as line A' A in fig. 1. The marginal 
rate of substitution of high-quaIity product for low-quality product for 
the producer is constant and equal to 1. Stated differently, the reciprocal 
of the slope of the price line A' A Is unity. The line A' A i8 the revenue 
line to the producer and the iso-cost line to the purchaser. The curve 
T'T is a long-run iso-cost curve and represents a given cost to the pro-
ducer of different quantities of high- and low-quality products. The slope 
of this curve is not constant and is the rate of cost sUbstitution for one 
unit of low-quality product to the marginal cost of high-quality product. 
The Iso-cost contour is concave to the origin. This is because there are 
usually diseconomies of scale in producing the high-quality product. The 
lower part of the contour will tUrn downward because the lower quality 
product is usually less efficiently produced in terms of inputs of resources. 
The quantity of each quality produced will be where the iso-price 
line A' A is tangent to the iso-cost contour. The ratio of the marginal 
cost of low-quality to the marginal cost of high-quality product is equal 
to the ratio of the price of high-quality product to low-quality product_ 
Therefore, the producer is in equilibrium when he produces q1' of high-
quality product. 
For purposes of Illustration, it will be assumed that all consumers 
have the same indifference map and that there is a scale factor for each 
axis_ The consumer indifference curve can now be represented by the 
curve I'!. The slope of this curve is the rate of substitution between the 
high- and low-quality product as it exists in consumers' minds. It shows 
the amount of high-quality product which can be substituted for one unit 
of low-quality product without changing the total satisfaction of the con-
sumer. This indifference curve passes through point El and shows that 
at point E1 the consumer is willing to consume quantities ql of low-quality 
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product and q,' of high-quality product. This is the quantity produced 
under an average price basis of purchasing with no price differential for 
the high-quality product, 
The optimum direction of production has not been reached at point E, 
because if the producer produces more of high-quality product and less of 
low-quality product, the consumer would get the same satisfaction from 
a smaller quantity of resources Invested in producing the grades of 
product In the proportion desired by the consumer. Line 0'0 represents 
the scale line where the ratio of the marginal rates of cost substitution is 
equal to the ratio of the marginal rates of satisfaction substltution_ At 
this locus of points, all iso-cost curves and all indifference curves are tan-
gent and have the same slope_ 
If the consumer's desires were actually expressed to the packer as 
a ratio of the prices of the two products, the long-run optimum point of 
tangency between the price line and the indifference curves would all fall 
on the scale line 0'0_ 
The ratio of prices that would give optimum production' and con-
sumption for any given outlay by the producer is line B' B. 
When quantities q. and q,' of the two qualities of product are pro-
duced, the consumer would be willing to pay the relative prices repre-
sented by the line C'C_ 
.This adoption and use of objective grade standards would allow the 
consumer to expresS his desires so that the marketing system would re-
flect the appropriate price ratio, represented by line B'B to the producer. 
In order to reach equilibrium, producers would change their production 
of the relative quantities of the two qualities of products and produce 
q. of low-quality and q; of high-quality product. The cross-hatChed area 
between points E and N would be the area in which there would be a 
gain by the introduction and acceptance of a uniform grade standard.1S 
This gain might accrue to either the producer, processor or consumer, 
depending upon the relative elasticities of supply and demand}6 
The foregoing analysis is based upon a commodity for which grade 
standards are not used at all. In a case wh.ere inadequate grade standards 
are used, the exteut of the divergence between the actual situation and 
the optimum is reduced to some extent, but the concepts, the analYsis and 
the conclusions remain the same. 
BENEFIT DERIVED FROM ADOPTION OF OBJECTIVE CARCASS 
GRADE SPECIFICATIONS FOR SLAUGHTER STEERS 
The formulation, adoption and general use of objective grade speci-
fications for slaughter steers should assist in accomplishing the following 
objectives: (1) make possible a more accurate determination of values; 
(2) make market reports more intelligible; (3). assist producers in de-
termining the kind of livestock desired by consumers; (4) aid farmers 
in marketing their livestock more intelligently; (5) aid consumers in the 
purchase of meats; (6) facilitate trading on description; and (7) aid in 
the maintenance of price differentials throughout the trade channels. 
GRADES NOT ALWAYS DESIRABLE 
The foregoing analysis is not to imply that societr would always 
benefit from the development and adoption of grade standards. There 
are some situations in which there are arguments for average pricing. 
Some illustrations are: 
1. When the average price is used as a form of insurance. This is 
lJI Brough, op. cit., pp. 36-H. 
1. For a detailed discussion of how this sort of gain is shared between those 
participating In the production or consumption of the l)roduct, see Geoffrey 
Shepherd, l\1arketing farm products. Iowa State College Pre!;". Ames. Iowa. 
1947. pp. 414-422. 
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well illustrated by the loss from bruises and disease in livestock. At 
present, the packers discount most livestock by a constant amount. This 
practice is a form of insurance which protects a farmer from a severe 
loss. Thus, it may be desirable from the viewpoint of the individual 
farmer. However, it is undesirable from the viewpoint of society because 
it removes the incentive for the individual farmer to reduce this loss. 
This canses an inefficient use of reSOUrCES, and the consumer gets less 
product than could be produced with the same resources. 
2. The cost of grading exceeds benefits from grading. If the grades 
are only slightly different in the consumers' minds, and if the price differ-
ential is net enough to pay the cost of grading, it would be uneconomical 
to grade the products. 
These considerations are of negligible importance when grade stan-
dards for agricultural products in general are considered. They do not 
affect the need for objective carcass grade specifications for slaughter 
cattle_ 
DEVELOPING OBJECTIVE GARCASS GRADE 
SPECIFICATIONS 
For most agricultural products, the development, adoption and general 
use of objective grade specifications would be desirable. The development 
of these standards is difficult, because the satisfaction that the consumer 
gets from the consumption of any product is subjective. Smell, taste, etc., 
are not subject to measurement between individuals and can only be 
ranked or rated by the individuaL The problem then is: HolY can 
these subjective valuEs (which may differ between individuals) be trans-
formed into objective measurements? 
. One possible solution would be to determine if there exist any factors 
which can be described by objective measures, and which are so closely 
correlated with the subjective evaluations that they can be used to de-
scribe accurately these subjective values. 
This part of the study is concerned with empirically testing the hypo-
thesis that certain phYSical measurements of the beef carcass are suf-
ficiently correlated with grade that they can be used to determine grade_ 
SOURCE OF DATA 
The data that are to be analyzed in this studr were obtained at the 
WilSOll and Company, Inc., packing plant at Chicago, Ill., during Septem-
ber 1950. l\Ieasurements were taken on 355 slaughter steer carcasses. 
SAl\IPLING PROCEDURE 
AGE A~D SEX 
It was thought that the relationship between grade and objective 
measurements might differ with age and sex of the cattle measured_ To 
eliminate this possible source of variation, only young steers were in-
cluded in the sample. 
STRATIFIED SA:\IPLE 
Since the study was primarily concel'l1ed with the relationships be-
tween objective measurements of the carcass and the grade of the car-
cass, it was necessary for the sample to include the entire range of vari-
ations in Weight and finish conditions regardless of the relative number 
of animals that come to market bearing these variations_ The study was 
concel'l1ed with relationships, thus the observations had to be equally 
spaced on the regression surface if the maximum degree of accuracy was 
to be obtained. The sample was stratified by weight and by the official 
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government grade in use in 1950 to obtain observations that were uni-
formly distributed_ 
The purpose of this study was to measure objectively the character-
istics o~ the carcasses in the existing official grades of beef cattle car-
caSSES. The grades used were those in existence in 1950 when the sample 
was taken. The government grades were divided into one-third grades to 
reduce the distribution of quality within each weight group. 
The range of weights of carcasses extended from 3'50 pounds to 1,300 
pounds. This weight range was broken down into 50-pound weight 
groups. The sample was stratified by 50-pound weight groups and one-
third grades (appendix table 1). 
It is to be noted that grade is the variate which is to be predicted. 
The selection of a sample on the basis of the dependent variate intro-
duces a bias into regression analysis. The sample was taken on this 
basis because it seemed to be the most practical and least expensive 
method of obtaining a sample. Having the observations equally spaced 
along the regression surface gives the same degree of accuracy at the ex-
tremes as it does at the means. It also allows the assumption of linearity 
to be examined. 
SIZE OF SAMPLE 
The sample, stratified on this basis, included 20 weight groups and 15 
grades. This gave 300 cells to be filled. The number of animals needed 
per cell was estimated to be six. This figure was computed by estimating 
the variance of the population from previous research. If all cells had 
been filled, the sample size would have needed to be 1,800. However, 
this method of stratifying the sample left many cells that were impossible 
to fill. Others were so rare that the cost of obtaining the observations 
became prohibitive. The number of steer carcasses measured was 355. 
This number gave a uniform distribution of the grades that were obtain-
able as is shown in appendix table 1. Although the number of animals 
measured per cen was intended to be six, actually the number often 
varied. This was because the carcasses were graded before they were 
measured, and the carcasses were selected and placed in appropriate cells 
on the basis of those grades. The carcasses were re-graded when they 
were ribbed down for shipment and the eye muscle was exposed to view. 
The grading Is easier and more accurate at this stage, and sometimes the 
graders changed the grade after they saw the eye muscle. This moved 
some carcasses out of some cells and into others. 
METHOD OF SAMPLING' 
An important consideration in taking the sample was that the sample 
cells contain approximately the same number of observations and that as 
many cells as possible be filled. The procedure used was to randomly 
select a starting point in the cooler. Then, every fifth carcass was 
measured. When a cell was filled, a carcass that fell In that cell was dis-
regarded. After most of the cells were filled, it was necessary to consider 
all the carcasses in the cooler to find observations in the extreme cells. 
To accomplish this, the grader was given a certain cell that needed ob-
servations. He would walk through the cooler until he found a carcass 
that would fall in that cell. If a carcass was measured that fell Into a 
cell already filled, that observation was not discarded. This procedure 
allowed a random selection of observations within a cell and forced the 
number of observations per cell to be approximately six. 
The carcasses that were selected to be measured were identified by at-
taching a small numbered red card to the carcass. The cards were at-
tached by small pins which were stuck in the meat. 
GRADING OF THE CARCASSES 
As mentioned before, the carcasses were graded twice. They were 
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graded before they were measured and re-graded when the carcasses were 
ribbed down. The carcasses were graded to the nearest one-third govern-
ment grade. Two government graders were often used. This helped en-
sure that there would be a minimum of error in the government grades. 
SELECTION OF MEASUREMENTS 
\Vhen deciding upon measurements to be taken, it was necessary to 
study thoroughly the determinants of the grade of beef cattle carcasses, 
and to select those measurements which appeared most clearly associated 
with these determinants. 
The grade of a beef cattle carcass depends upon the conformation, 
quality and finish of the carcass. 
Conformation is the build, shape or proportion of the various parts of 
the carcass. Carcasses that have superior conformation yield a higher 
lJroportion of the most desirable cuts. The conformation is denoted by 
the compactness of the carcass, thickness of the carcass, thickness of the 
rib eye and thickness and plumpness of the loin and round. 
Finish refers to the degree of fatness. It includes the quality, quantity 
and distribution of fat on the inside and outside of the carcass. It also 
includes the distribution of fat between the muscles and tissues. 
Quality refers to the character of the flesh and fat. In the carcass, 
quality is determined by the tenderness and other palatability factors of 
the meat, strength of the muscle fiber, color of the lean and fat tissues, 
amount and strength of the connective tissue, the character of the inter-
cellular fat, the relationship between the lean and fat meat and the size 
and character of the bones. 
Conformation, finish and quality depend upon the age of the animal, 
the type and kind of feed fed the animal, amount of feed, type of animal, 
and the nature of the care given the animal, etc. The grade of the car-
cass depends upon the combination of these three factors (conformation, 
quality and finish). There is no clear break between the upper limits 
of one grade and the lower limits of the next best grade. These factors 
are continuolls variables and do not vary proportionately or equally with 
age, etc. No techniques are available to determine the exact degree of 
each of the factors necessary for any given grade classification. 
The measurements taken were those which were thought to be the 
most closely associated with the factors determining grade. 
)IEASUREMENTS TAKEN" 
UXRIBBED CARCASS SIDE 
1. Body - From anterior edge of first rib to the lowest point of the 
aitch bone. 
2. Hind leg - From the lowest point of aitch bone to the highest 
point of hock joint (leg removed betwe€.n the first tarsal and the large 
metatarsal bone). 
3. Carcass length or total length - From the anterior edge of the 
first rib to the highest paint of the hock joint (sum of measurements 1 
and 2 above). 
4. At shoulder - Thickness from inside of carcass at first dorsal 
vertebra to outside of shoulder on a line parallel to the fioor. Sum of 
measurements of two sides of carcasses is recorded. 
5. At round - Thickness from the highest point of aitch bone to out-
side of round on a line parallel to the fioor. Sum of measurements of two 
sides of carcasses Is recorded. 
17 The terms and mea&urements used in this bulletin are those recom-
mended by the North Central Regional Livestock Marketing Research Com-
mittee (NCM-3 Beef Procedure 2, May, 1950). 
To facilitate computations, these meaRurements were taken in millimeters. 
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6. Length of loin from aitch bone to 12th rib, measured along the 
back bone. 
7. Distance from lower edge of breast bone to upper edge of spinal 
canal. 
The day before the carcasses were to be shipped out, the measuring 
crew took those meaSUI'EmEllts which could be obtained from the un-
ribbed carcass side. . 
iUBUED DOWX CARCASS 
'l'racing of eye muscle. (See fig. 2 for illustration of these suggested 
measurements and for location of pOints used in the measurements.) 
}Ieasurements used include: 
1. Area of eye muscle. 
2. Length (AB) greatest distance 
across muscle not including fat. 
3. Width (CF) perpendicular to 
(AB) one-half distance from A 
to B; (GH) one-half distance 
(BP) and (ED) one-half dis-
tance (AP). 
4. Thickness of fat (LD), (MF) 
and (NH) . Measured where 
lines (LD), (MF) and (NH) 
are perpendicular to outside 
surface of fat. 
'When the carcasses were to be 
shipped out, they were quartered. 
The eye muscle and the fat around 
the eye muscle were traced on 
engineer's tracing paper. Munsell 
color paddles were used to record 
Fig. 2. Face of 12th rib of beef the color of the meat. The official 
carcass (Prime ~rade) mustratin~ government graders regraded the 
measurement~ taken. carcasses and filled out the beef 
carcass grading charts. At that 
time, the cards denoting the carcass number and the unofficial grade 
were removed. The actual measurements of the parts of the eye 
muscle used in the analysis \Yere taken from the tracings after the 
carcasses had been shipped out. 
ADDITIONAL INFORMATION TAKEN 
The weights of the warm carcasses \Yere obtained from the cooperating 
packer. It was impossible to obtain the cold weights of the carcasses. 
The color of the eye muscle was obtained by using Munsell color 
paddles. If these color measurements are to be of any value, it is neces-
sary that (1) the eye muscles be exposed to the all' for the same length 
of time (preferably 30 minutes or longer) and (2) the intensity of the 
light be constant when the color measurements are being taken. These 
conditions were not met in this study. 
Additional information was obtained by having the government grader 
fill out a Beef Carcass Grading Chart for each carcass. This chart gives 
the grader's subjective evaluation of confonnation, thickness of carcass, 
rib eye, loin, round, finish, kidney knob, marbling, firmness, color and 
grade of each carcass. 
ANALYSIS OF THE DATA 
Some previous research had been conducted which attempted to re-
.late the grade of beef carcasses to objective measurements of the car-
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cass.'· This study consisted of 111 Choice carcasses and 154 Good car· 
casses. Their analysis showed that the Weight of dressed carcasses per 
nnit of length was closely related to grade. Thickness of fat over the 
eye muscle also gave promise of high vaille for differentiating between 
grades. 
Weight and length would seem to be an adequate measure of the con· 
formation because the more weight per unit of length, the better the con· 
formation of the animal. These two variables also indicate to some ex· 
tent the finish of an animal because the fatter the animal, the heavier 
the animal is per unit of length. The government graders could grade 
more accurately when the eye muscle was visible. This was because they 
were able to see the amount of fat around the eye muscle, the marbling or 
distribution of rat within the muscle and the area of the eye muscle. 
These are important factors in determining grade. 
Using this information as a basis for prediction of grade, an equation 
can be set up as follows: 
Y = f(X" X2, Xs, X'. X,) 
Y = grade 
X,= weight 
X2 = total length 
XS = area of eye muscle 
X, = thickness of fat on e~'e mllscle 
X. = marbling 
Objective measurements of these variables except X. can be obtained. 
An equation could have been set up which would include all the variables 
measured, but this eqnation would be too complex to handle, as well as 
being impractical from tbe standpoint of obtaining acceptance of the grade 
specifications. 
The above equation is a hypothetical equation and does not preclude 
the testing of the other variables measUl'ed. 
CODI~G OF GRADE 
Since the grades ",ere measured in subjective terllls, it was necessary 
to code these terms into numbers so that numerical analYSEs could be 
made. The method used was to code the one-third government grades 
letting the upper third of Prime be coded as 2, the middle third 4, the 
lower third 6, etc. This is illustrated in appendix table 2. 
These coded values are the ones used by the Bureau of Animal In· 
dustry, United States Department of Agriculture, in its research worl,. 
The implicit assumption is made that the grades are equally spaced 
so far as ph~'sical variation is concerned and that each one·third of a 
grade is equally spaced within the grade. 
Coding the grades in this manner will induce some unexplained error 
in this prediction equation even if the equation were perfect. This is 
true because the grades are continuous whereas the coded values are dis· 
crete. This can be illustrated by an example. Suppose that the actual 
grade is in the middle third of the Prime grade just above the limits of 
the lower third of the Prime grade. Its actual value would be, say 4.9. 
This would be coded as 4. Thus, if the prediction equation was perfect 
and actually gave the value 4.9, there would be a .9 unexplained residual. 
This would mean that the variation about the grades that were associated 
with the independent variables would be larger than could be expected 
if the grades could be coded more accurately. . 
The physical variation within grades is not thought to be the same 
in all grades. It is believed that there is more physical variation within 
the Commercial grade than within the Choice grade. However, since the 
actual amount or degree of difference is not known, the grades were coded 
IS U. S. Dept. "\gl\ R"llOrt. of the adminiRtl'ator of agricultural r<>search. 
1946. p. 64. 
554 
as if the variations in finish, quality and conformation within and be-
tween grades were linear and constant. 
Previous unpublished work by Kiehl'" at the University of Missouri 
was used as one measure of the effect of the variables on grades. The 
weight ranges were fixed in 50-pound weight groups, and the simple cor-
relation coefficients were computed for each of the independent variables 
or measurements on the dependent variable, which was grade (appendix 
table 3). The implicit assumption was made that the relationship was 
linear. 
The single measure that was most highly correlated with grade was 
the total length of the carcass. This was followed closely by thickness 
of fat on the eye muscle, length of body and length of leg. The last two 
were combined to get the total length and would be expected to have 
about the same correlation with grade as total length. Simple correlation 
coefficients (r) do not always give an indication of the relative impor-
tance of variables when they are to be combined into a multiple regression 
equation. This is because the variables may have intercorrelation effects 
which are not ascertainable from the simple correlation coefficients. 
For the Iowa data each measurement was plotted against grade. 
They were examined visually to determine whether or not the relation-
ship was linear and which ones appeared the most closely correlated with 
grade. It was found that all the relationships could reasonably be as-
sumed to be linear except for thiclmess of fat. This relationship appeared 
to be slightly curvilinear. 
The simple correlation coefficients ranked in the order of their magni-
tude are: 
Measure 
Thickness of fat on eye (EN) 
Thickness of fat on eye (average) 
Length (within a weight group) 
Weight (warm carcass) 
Length of loin 
Width of shoulder 
Width of round 
Depth of body 
Circumference of round 
Rib eye area 
Some ratios were related to grade also. 
relation coefficients are: 
Measure 
Weight-length (weight divided by length) 
Index of plumpness (circumference of round 
divided by length of leg) 

















The next step in the analysis was to determine what combinations of 
these measurements would give the best prediction equation. One prob-
lem encountered was deciding whether to use weight and length as sepa-
rate variables or to use the weight-length ratio as a single measure. To 
do this a multiple regre~slon equation using weight and length as in-
dependent variables was computed. The multiple correlation coefficient 
(R) was .81. The simple correlation coefficient (r) using the welght-
length ratio was .78. Thus, It seemed better to use weight and length 
separately. It was decided to use the single fat measure (HN)'" because 
,. Kiehl, Elmer. Marketing slaughter cattle by carcass weight and grade. 
(Unpublished research). Mo. Agr. Exp. Sta. 1950. 
'" This measurement w!ll be called eyefat thickness throughout the re-
mainder of this bulletin. 
555 
it was as highly correlated with grade as the average of the three fat 
measurements. 
A regression equation using weight, length and eyefat thickness as 
independent variables was computed. The resulting equation was: 
Y = -19.053 - .02704X, + .0286X. - .244X. 
where Xl = weight measured in pounds 
X. = length measured in millimeters 
X. = width of fat measured in millimeters 
Y = grade 
The multiple correlation (R) was .883 and the corresponding co-
efficient of determination (R') was .781. In other words, about 78 per-
cent of the variations in grade was associated with the independent 
variables. The total sum of squares (TSS) was 11,487. The sum of 
squares of reduction (SSR) was 8,967. The error sum of squares (SSE) 
was 2,520. 
The standard error of estimate was 2.7 (slightly more than one-third 
of a government grade). This means that for the sample, approximately 
two-thirds of the time, the difference between the predicted grade and the 
government grade was equal to or less than ± 2.7. It was painted out 
previously that part of this error is due to coding. It was assumed that 
there were no errors in the subjective grading. If there were any errors 
in the grading, these contributed also to the magnitude of the standard 
error of estimate. 
The standard partial regression coefficients for the several variables 
and their corresponding t values are as follows: 
b', = -.842 1, = 16.97 
b'. = -.364 t. = 10.31 
b' 3 = .557 t. = 13.88 
The standard partial regression coefficients were all significant at the 
1 percent probability level. 
The simple correlation coefficients (1') for these variables are pre-
sented in table 1. 
TABLE 1. SIMPLE CORRELATION COEFFICIENTS (r) FOR THE 
VARIABLES USED IN THE MULTIPLE REGRESSIO:'< 
EQUATION. 
Grad ... Weight Length Width 
of fat 
Grade 1.000 -.665 -.111 -.774 
Weight -.665 1.000 -.715 .606 
Length -.111 -.715 1.000 .181 
Width of fat -.774 -.606 .181 1.000 
In using the regression analysis the following assumptions were made: 
(1) the effects of the variables are additive, (2) the error (unexplained 
residual) is normally and independently distributed, and (3) the variance 
of the Y's Is equal for all X's. 
It may be of interest to note at this point that length of carcass had 
a very low correlation with grade when the entire sample was used. How-
ever, length was highly correlated with grade within weight groups. This 
is because carcasses of the same grade get longer and heavier as the 
animal matures. If, however, the weight of two animals is the same 
and one is longer than the other, the one with the shorter body will 
generally be of a higher grade. Length of carcass is a good measure of 
grade only when the weights of the carcasses are about the same. 
To test whether or not a first-degree curve would increase the ac-
curacy of estimating grade from these Variables, the cross-product term 
XiX. was added to the equation. The resulting equation was 
Y = -18.65 - .0277X, + .0283X. - .244X. + .000313X,X. 
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'l'he multiple correlation coefficient was .883 and the standard error of 
(stimate was 2.7. 
These results are identical with the previous equation without the 
cross·product term. No increase was obtained by the addition of X1X. 
to the equation. 
This procedure was followed for all measurements in the study. Each 
measurement was added to this basic equation and the equation recom· 
puted. An analysis of variance was used to test the significance of adding 
them to the foregoing equation. None of the other measurements when 
used jointly or independently was significant at the 5 percent level when 
they were added to the basic regression equation. 
How the tests of significance were computed is illustrated for the 
addition of the color measurement. 
Source of 
variation 
Pi r>;t 3 varia tes 
Arld .. <l reduction due to 

















9.4 F = 7.2 = 1.23' (1:350 degrees of freedom) 
• Not significant at the 1 percent probability level. This means that if all 
the possible samples of a given size in a 1I0pulation where color had no 
influence on grade were taken, more than 39 percent of the time the F 
"''tlue would be this large. 
The addition of the variable X. is not Significant. The null hypothesis 
that color did not make a significant contribution to the prediction 
equation is accepted. 
Perhaps equally important as the positive results of this study, was 
the failure of these other measures to have their expected influence on 
grade. The most disappointing of these measures was the area of the eye 
muscle and the index of the eye muscle. For years these measures have 
been referred to as prime determinants of grade; yet they were useless 
when used either singly or in combination with other factors in this 
particular study. It may be that the correct way of measuring the per· 
tinent characteristics of the eye muscle was not used in this study. 
Other factors which were particularly disappointing in this study were 
the lliumpness of the hind quarter, length of loin and color of the eye 
muscle. The failure to have equal exposure time, constant lighting and 
other problems of measurement may be the reason for color being of little 
value in this particular study. 
Since these measurements did not mal{e any significant contribution 
to the regression equation, the equation 
Y = -19.053 - .02704Xl + .0286X, - .244Xa 
will be used as the basic equation from which the specifications for grade 
standards will be developed. 
INTERPRETATION OF THE EQUATION 
This equation would indicate that grade has a tendency to increase 
wIth an increase in weight with length and fat remaining constant (grade 
increases as Y decreases because of the method of coding grade). Grade 
also increases with an increase in fat with length and weight being held 
constant, whereas grade decreases with increase in length with weight 
and fat held constant. However, since the independent variables are 
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interrelated, it is impossible for two of these variables to remain constant 
while the other one changes. This correlation between the independent 
variables complicates tne interpretation of the regression coefficients.'" 
Since the equation is to be used only as a prediction equation, other 
problems associated with the intercorrelation of the independent yariables 
will not be discussed. . 
DEVELOPING CARCASS GRADE SPECIFICATIONS 
It would be very difficult for a grader to re-solve the equation each 
time he graded a carcass. To simplify the use of this equation, lllany 
combinations of the independent variables were solved and the results 
recorded in tabular form (table 2). Table 2 is a proposed objective 
grade standard for slaughter steers. 
WEIGHT RANGE USED 
The specifications for a steer of a given grade changed by about 4 
millimeters of eyefat thickness (other measurements held constant) with 
a change of 50 pounds in carcass weight. It would be difficult to 
measure much closer than 1 or 2 millimeters, so it was decided that 50-




















CARCASS LENGTH (MILLIMETERSI 
Fig. 3. Relationship between weight and aver-
age carcass length for each weight group. 
LENGTH USED 
Length did 110t in-
crease uniformly with 
an increase in Weight. 
To determine how length 
should be combined with 
weight in preparing the 
grade standard, the avo 
erage length of the car· 
casses in each weight 
group was plotted a-
gainst that weight group 
(fig. 3). The relation-
ship was slightly curvi-
linear. A freehand curve 
was fitted to the data . 
The length (to the 
closest 25 millimeters) 
used for the center of 
the grade for each 
weight grout) is the 
length found br using 
the regression of weight 
on length. 
It was decided to 
use 50 millimeters as a 
dividing point for the 
length measurements. 
"" For furthel' discussion of this point, see: Ander>lon, R. L .• and Bancroft. 
T. A. Statistical theol')' in research. ~[cGraw-HIlI Do ok Co., [ne .. ""~w 
York. 1952. 
'rABLb: 2. 'l'EN'!'A'!'lVE OH.JEC'l'lVl!: CARCASS GRADE S.PECIFICA'l'IONS FOR SLAUGHTER ,s'l'EERH 
._ .... 
Carcass grades· 
Carcass Length of Prime Choice' I Good Commercial Utility 
weights carcass Eyefat Eyefat Eyefat Eyefat Eyefat 
thickness thickness thickness thickness thickness 
at margin at margin at mar'gin at margin at margin 
(Ill. ) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.) 
J~ess than 1650 50 26 2 0 
1650-1699 53 29 5 0 
1700-1749 59 35 11 0 
1750-1799 65 41 17 0 
300·349 1800-1849 71 47 23 41 
1850-1899 77 53 29 5 0 
190.0-1949 83 59 35 11 0 
I 
1950-2000 89 65 41 17 U 
More than 2000 95 71 47 23 i 0 
Less than 1650 44 20 0 
I 1650-1699 47 23 0 1700-1749 53 29 5 0 
i 
1750-1799 59 35 11 0 
350-399 1800-1849 65 41 17 0 
1850-1899 71 47 23 0 
1900-1949 77 53 29 ;; 0 
1950-2000 83 59 35 11 U 
:.\Iore than 2000 89 65 41 17 It 
Less than 1700 '44 20 0 
1700-1749 47 23 0 0 
1750-1799 53 29 5 0 
1800-1849 59 35 11 0 
400-449 1850-1899 65 41 17 0 
1900-1949 71 47 23 0 0 
1950-1999 77 53 29 5 0 
2000·2050 83 59 35 11 0 
!\lore than 2050 89 65 41 17 0 
-----




TABLE 2. (Cont.) 
Carcass Length of Prime Choice 
weights carcass Eyefat Eyefat 
thickness thickness 
at margin at margin 
(lb.) (mm.) (mm.) (mm.) 
L.es:-; than 17~lO 4fi :n 
1750-1799 4~ 24 
1800-184!1 54 30 
1850-1899 60 36 
1900-194!1 66 42 




2050-2099 84 60 
2100-2150 90 66 
More than 2150 96 72 
Less than 1800 44 20 
1800-1849 47 23 
1850-1899 53 29 
1900·1949 59 35 
500-549 1950-1999 65 41 
2000-2049 71 47 
2050-2099 77 53 
2100-21:'0 83 59 
.\Tore than 2150 89 65 
Less than 1850 45 21 
1850-1899 48 24. 
1900-1949 54 30 
1950-1999 60 36 
550·599 2000-2049 66 42 
2050-2099 72 48 
2100-2149 78 54 
2150-2200 84 60 
More than 2200 90 66 
















































































TABLE 2. (Cont.) 
Carcass Length of Prime Choice I 
weights carcass F,iyefat Eyefat ; 
thICkness thickness, 
at margin at margin 
----(mm.) (mm.) (mm.) IIh.) 
I 
I.eHs than 18;;0 40 lG 
1850-1899 4 ., I~ .. 
I 
1900-1949 ·I!I 35 
1950-1999 55 31 
G()0·649 2000-2049 61 37 I 2050-2099 67 43 2100-2149 73 49 
2150-2200 79 55 
:\rare than 2200 &5 61 
Less than 1900 40 16 
1900-1949 43 19 
1950-1999 49 2fi 
2000-204!' fiG :11 
lir-!l)·fi!H' 2050-2099 61 ')""!" 
." 2100-2149 67 4:1 
2150-2199 73 HI 
2200-2249 7~l aft 
:\Iore than 2250 Sri 61 
Less than 1900 35 I 11 1900-1949 38 14 1950-1999 44 
! 
20 
2000-2049 50 ?6 
700·749 2050-2099 56 32 
2100-2149 62 38 
2150-2199 68 44 
2200-2250 74 50 
:\Ior" than 2250 80 56 
~----













































































TABLE 2. (Cont.) 
Carcass grades· 
Carcass Length of Prime Choicc Good Commercial Utility 
weights carcass Eyefat Eyefat Eyefat Eyefat Eyefat 
. thickness thickness thickness thickness thickness 
at margin at margin at margin at margin at margin 
(lb.) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.) 
Less than 1950 36 11 0 
1950-1999 38 14 0 
2000-2049 44 20 0 
2050-2099 50 26 2 0 
750-7!)~ 2100-2149 56 32 8 0 
2160-2199 62 38 14 0 
2200·2249 68 44 20 0 
2250-2300 74 50 26 2 0 
!\lore than 2300 80 56 32 8 0 g: 
Less than 1950 30 6 0 I-' 
1950-1999 33 9 0 
2000-2049 39 15 0 
2050-2099 45 21 0 
800-849 2100-2149 51 27 :I 0 
2150·2199 57 33 9 0 
2200-2249 63 39 15 0 
2250-2300 69 45 21 0 
More than 93011 75 61 27 3 0 
Less than 1950 24 0 
1960-1999 27 3 0 
2000-2049 33 9 0 
2050-2099 39 15 0 
850-899 2100-2149 45 21 0 
2150-2199 51 27 3 0 
2200-2249 57 33 9 0 
2250-2300 63 39 15 0 
:\[ore than 2300 69 45 21 0 
-
• Grades before the government changes in January 1951. 
'l'ABLE 2. (Cont.) 
carcass Length of Prime Choice 
weights carcass Eyefat Eyefat 
thickness thickness 
at m·argin at margin 
(lb.) (mm.) (mm.) (mm.) 
Less than 2000 25 1 
2000-2049 28 4 
2050-2099 34 10 
2100-2149 40 16 
900-949 2150-2199 46 22 
2200-2249 62 28 
2250·2299 68 34 
2300·2350 64 40 
More than 2350 70 46 
Less than 2000 19 0 
2000-2049 22 0 
2050-2099 28 4 
2100·2149 34 10 
960-999 2150-2199 40 16 
2200-2249 46 22 
2250-2299 52 28 
2300·2350 58 34 
:'Ifore than 23511 64 40 
L"ss than 200n 14 0 
2000·2049 16 0 
2050-2099 22 0 
2100·2149 28 4 
1000·1049 2150-2199 34 10 
22GO-2249 40 16 
2250·2299 46 22 
2300·2350 52 28 
:'IIore than 2350 58 34 
Less than 2050 14 0 
2050-2099 17 0 
2100-2149 23 0 
2150-2199 29 5 
1050-1099 2200-2249 35 11 




2350-240G 53 29 
:'Ilore than 2400 59 35 



























































TABLE 2. (Cont.) 
Carcass Length of Prime Choice 
weights carcass Eyefat Eyefat 
thickness thickness 
at margin at margin 
(lb.) (mm.) (mm.) (mm.) 
Less than 2050 9 0 
2050·2099 12 0 
2100-2149 18 0 
2150·2199 24 0 
1100-114!' 2200-2249 30 6 
2250-2299 36 12 
2300·2349 42 18 
2350·2400 48 24 
:\lol'c than 2400 54 30 
Less than 2050 4 0 
2050-2099 7 0 
2100·2149 13 0 
2150·2199 19 0 
1150-119!' 2200·2249 2!) 1 
2250-2299 31 7 
2300·2349 37 13 
2350·2400 43 19 
1\1ol'e than 2400 49 25 
Less than 2100 4 0 
2100-2149 7 0 
2150·2199 11 0 
2200·2249 17 0 
1200·1249 2250·2299 23 0 
2300-2H9 29 5 
2350·2399 35 11 
2400·2450 41 17 
:'Tore than 2450 47 23 
Less than 2100 1 0 
2100·2149 4 0 
2150·2199 10 0 
:\lore 2200·224!1 16 0 
than 2250·2299 24 0 
12r.O 2300·2349 30 6 
2350-2399 36 12 
2400-2450 42 IS 
lIT ore than 2450 48 24 










































FAT MEASUREMENTS USED 
To determine the amount of fat necessary for a grade for any given 
weight and length group. the average weight and average length of the 
group was substituted in the equation. The equation ·was then set equal 
to the grade and solved for the eyefat thickness required for that grade. 
For illustrative purposes. suppose that the eyefat thickness necessary for 
Prime grade of the 350·400 pound weight group and the 1.775·1.825 milli· 
meter length group was desired. The procedure would be to substitute 
375 pounds for Xl, 1,800 millimeters for X. and Prime grade (coded 
value of 7) for Y in the equation. The equation is solved to determine 
minimum eyefat thickness required for this grade. The amount of eye· 
fat thickness is the dividing line between Prime and Choice for this 
weight and length combination. The same procedure was followed to find 
the fat for each weight. length and grade combination used in the grade 
standard (table 2). 
Undoubtedly. there is some difference between the way any two 
government graders would grade the same carcasses. The magnitude of 
this difference is unknown. If it is as large as 10 percent. the proposed 
objective grade standard would be as efficient in grading steer carcasses 
as the present government graders. 
NEW GRADE STANDARD 
The discussion of grades for carcass beef has been confined to those 
that were in use in 1950 when the study was made. In January 1951. the 
official grades for carcass beef were changed. The following changes 
were made. The grades that were 'Prime and Choice before that date 
were combined into a single grade and designated as Prime. Beef car· 
casses originally classified as the Good grade were changed to Choice. 
The top half of the Commercial grade (carcasses from young, under· 
finished cattle) was deSignated as the Good grade. The rest of the Com· 
mercial grade remained as the Commercial grade. Utility. Cutter and 
Canner grades remained unchanged. 
To conform with this change In the official grades of beef cattle car· 
casses. the grades in the proposed objective carcass grade specifications 
could be changed accordingly. The grade standards would consist of the 
Prime, Choice. Good. Utility. Cutter and Canner grades. The hetero· 
geneity of the animals in the Commercial grade was recognized in the 
preparation of this study. The carcasses that were later called Good were 
the only ones that were measured in the Commercial grade. Thus. the 
Commercial grade would be miSSing from the new grade standard if it 
were developed from the data collected in this study. 
EVALUATION OF THE GRADE STANDARD 
The next step in the analysiS was to attempt to evaluate the grade 
standard taking into account such factors as accuracy. consistency and 
economic significance. 
ACCURACY 
The standard error of estimate of thi'l equation used to devise this 
gl'ade standard was 2.7. This means that using the equation to predict 
grade, approximately two·thirds of the time the predicted grade would be 
within + one·third of grade of the subjective grade. The grade standard 
is somewhat less accurate in predicting grade than the equation. The 
grade standard classified the carcasses in the sample in the same grade as 
the graders placed them about 90 percent of the time. The carcasses that 
were not placed in the same grades were about equally divided among the 
gradES and weight groups. 
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CONSISTENCY 
The grade standard provides a method of grading the carcass that is 
consistent over time and geographical areas. It is not subject to a grader 
bias. An Individual grading the carcasses would place the same carcass 
in the same grade one day and in one geographical area that he would 
on another day in some other geographical area. 
This is not to assume that a grader using the present subjective grades 
would not place the same carcasses in the same grades day after day; 
however, the possibility of a difference always remains. It would be less 
difficult to convince the seller and buyer that the grades were consistent 
and impartial. Any difference of opinion as to grade could quickly be 
settled by the use of a ruler. However, the price of the livestock would 
not necessarily be set by the grade. 
ECONOMIC SIGNIFICANCE 
The final grades were not changed from those used by the United 
States Department of Agriculture. Thus, the proposed objective carcass 
grade specifications make no improvement in this area. 
SIMPLICIT'l 
The measuring of the carcasses is easy to perform. It is not difficult 
to measure the length of the carcass, the thickness of fat on the eye 
muscle and carcass weight. The measurements can be taken in a few 
minutes. The graders using these three measurements can determine the 
grades almost instantly. 
GRADE LIMITS 
The proposed grade standard gives the combip.ation of carcass length. 
weight and eyefat thickness which are necessary for a given grade at the 
margins rather than the midpoints of the grades. This gives a precise 
method of separating carcasses which are on the dividing line between 
two grades. 
ACCEPTABILITY 
Whether or not objective carcass grade specifications for slaUghter 
cattle will be adopted and used depends upon (1) the cost of performing 
the grading, (2) the feasibility and desirability of the new grade stand· 
ard, and (3) the support given the standard by those outside the pack· 
ing and processing industry. 
The cost of grading carcasses by objective means would appear to be 
very small and of little consequence. The big cost to an indiVidual firm 
would be the rearrangement of its plan of operation. Minor changes in 
the layout of the plant might be needed. 
It would be necessary to cut the eye muscle at the time the grading 
was done. This is usually done in the packing plants, just before the 
carcasses are loaded in preparation for shipment. Packers do not like 
to have this area exposed to the air for a long period of time before ship· 
ment because the color of the meat darkens and the carcass appears to 
be lower in grade than it is. 
. The packers would be very reluctant to adopt any change which would 
represent a cash outlay for them with little or no chance of recovering 
this outlay. It is this aspect of the situation which mal{es the marketing 
and processing of agricultural products a farmer and consumer problem 
as well as a packer problem. 
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LIMITATIONS 
The sample was taken by stratifying on the basis of the dependent 
variate. This sampling procedure introduces a bias. The extent of this 
bias is unknown. The results could have been improved if the distribu-
tion of grade had been known and a weighted regression had been com· 
puted. 
A second bias was introduced when the data were used to determine 
what relationships existed and then used as a basis of fitting this re-
lationship to the data; 
The sample data were also used to determine the accuracy of the pre-
diction equation. This leads to impressive but possibly unimportant 
results. One would expect the prediction equation to fit the sample data 
with a high degree of precision. Also, the grades were changed from 
one-third government grades to whole grades, which obliterate some of 
the error in prediction. 
The study was based on only 355 steer carcasses. They were fair I)-
homogeneous in their physical characteristics. It is expected that the 
relationships between the same measurements and the grades of heifer 
carcasses would be similar to those obtained for steers. Additional infor-
mation and analysis is needed before a similar grade standard can be de-
veloped for heifer carcasses. 
Since the number of carcasses was small in each stratum of the 
sample, the study needs duplication before the validity of the grade 
standard can be assured. 
Because of these limitations this proposed grade standard is not offered 
as a replacement for the present grades. This standard is based upon 
weight, length ani:l eyefat thiclmess. Other characteristics of the carcass 
must be considered in the final placing of the carcasses in their respective 
grades. An illustration of such a case would be a carcass that cut dark 
(color of meat almost black); The grade standard would not necessarily 
grade this carcass correctly, as it would ignore the color disqualification. 
Even if the objective grade specifications indicated that the carcass should 
be placed in the Good or Commercial grade, the grader would place the 
carcass in the Utility grade because of the objectionable color of the meat. 
Additional characteristics such as color, however, could be included 
in the specifications. The use of :Munsell paddles or color spectrographs 
would make it possible to measure color somewhat objectively. Thus, 
the color specifications could be expressed in objective terms. Some 
training of the graders would be necessary to insure that they all matched 
colors the same. 
The scope of this study did not touch upon an important problem 
concerning the effectiveness of the present grade standards. The prime 
objective of grade standards is to measure and reflect consumer prefer-
ences (value) throughout the distribution channel. It is conceivable that 
the grades in their present form are less acceptable because of their 
failure to reflect these differences in consumer preferences rather than 
for lack of accuracy by the present method of grading the carcasses. 
The specifications set forth from this study are offered as a tentative 
first step in the development of objective carcass grade specifications 




TABLE A-I. NUMBER OF CARCASSES IN EACH STRATU~I OF THE SA~Il'LE. 
Prime Choice Good Commercial Utility 
% 'Ai ¥.i ¥.. 'h 'h 'h 'A % % % % 'h 'h % 
Ulmer IMlddlelLower Upper !~I!ddl"!Low':r Upper !Middle!Lower lJIJPer !~I!ddle!Lower UplJer !:o.Iiddle!Lower 
300-34~- I I I 1-- 1 I 1--1-- 1 1 
350-399 1 1 I --1---- 1 1 2----1-1--1--- I I 
400- 449 -- I I '1---- - , I 1 6' 4- - I I' 
450 _ 499 I I "1 I 4 I 3 7':; --T-l -- l' I 
500 _ 549 I I ,--'-1- - I I 6 4' 5 I 2 -- 2 I 1 I 2 
5;;0 _ 599 'I I __ ,___ I 3 I--------:l- -I 5 '2 l' 3 I 
600 - 649 1 I , ~ .. 1 2 I 8 '4 3' 5 -, -3 'I 2-
650-699 I 1 --1"-1-2 r--= 1 I 8 -6----3--'--6 -1--- - I 4 1 1 
700 _ 749 I I 3 I 3 I 1 1 I 4 4 3 I 5 ill 1 1 
750 _ 799 I, 4 I 7--T-:;-- - 2 I 9 4 5 I 1 I 2 - -- I I 
soo _ 849 I 1, 7' 7 I 6 - 5 1 8 5 , 1 1 I I 
S50 _ 899 , 1 I 6' 6---1-5-- 7 I 6 5 I I I I 
900 _ 949 I 1 I 6 1 101 -5- 5 I 4 2 I --T-- I I 
950- 999 I I 2 , 3 I 4 4 I 1 I I I I 
1000-1049 I' l' 4 I 4 1 I I I I I 
1050-1099 I 1 I 4 1 3 1 2 1 - 1 I I I 
1100-1149 1 I l' 1 1 I' " 
1150-1199 r- -, -I 
1200-1249 1 'I
1250-1300 , 1 
CP 
'" _1 
'l'ABLE A-2. CODE VALUES FOR GRADES OF BEEF CATTLE 
CARCASSES. 
Subjective term Code Subjective term Code 
No. No. 
Upper third 2 Upper third 20 
Prime Middle third 4 Commercial Middle third 22 
Lower third 6 Lower third 24 
Upper third 8 Upper third 26 
Choice Middle third 10 Utility Middle third 28 
Lower third 12 Lower third 30 
Upper third 14 Upper third 32 
Good Middle third 16 Canner Middle third 34 
Lower third 18 Lower third 36 
TABLE A-3. SIMPLE CORRELATION COEFFICIENTS OF VARIOUS MEASUREMENTS 'VI'l'H GRADE .• 
------ - ---- --~----
Weight Width Plump- Length Length Total Width Width Depth Circum. Rib-group N of ness of of of length of of of of eye (steers) fat round body leg shoulder Round I body round area 
400-449 19 -.878 -.573 .624 .. 596 .652 -.554 -.392 .560 -.353 .125 
450·499 28 -.624 -.540 .733 .742 .802 -.177 -.513 .176 -.215 .121 
500;549 30 -.829 -.659 .871 .738 .797 -.650 -.163 .601 -.489 .005 
550-599 29 -.624 -.323 .725 .781 .774 -.304 -.117 .606 -.228 .190 
600·649 40 -.677 -.491 .779 .694 .711 -.427 -.343 .545 -.220 .081 
650·699 37 -.682 -.729 .715 .682 .748 -.481 -.623 .495 -.598 .242 
700-749 35 -.639 -.408 .621 .555 .651 -.273 -.247 .382 -.116 .168 
750-799 43 -.547 -.390 .649 .605 .697 -.674 -.486 .149 -.167 .277 
800-849 36 -.640 -.340 .551 .640 .616 -.148 .040 .055 -.138 .424 
850-899 21 -.758 -.356 .495 .604 .591 -.451 -.075 .303 -.034 .116 
Total 318 -6.888 -4.809 6.742 6.631 7.039 -4.139 -3.001 3.872 -2.558 1.265 
Unweightcd 
-.688 -.481 .674 .663 .704 -.414 -.300 .387 -.256 .127 average 
-
-~-
*Source: Kiehl, Elmer. Marketing slaughter cattle by carcass weight and grade. UnpubU"hed research. Mo, Agr. EXp, 
Bta. 1960, 
Ol 
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